Supplementary Materials and Methods

General Methods
All reagents and starting materials were purchased from Aldrich and used without further purification. All reactions were performed under an N2 atmosphere and in dry solvents unless otherwise noted. 1 H and 13 C NMR Spectra were measured on either a Bruker Avance III 400 MHz or a Bruker Avance III 600 MHz spectrometer at ambient temperature unless otherwise stated.
Chemical shifts are listed in ppm on the scale and coupling constants are recorded in Hertz (Hz).
Chemical shifts are reported in ppm relative to the signals corresponding to the residue non-deuterated solvents (CDCl3: δ = 7.26 ppm, CD3SOCD3: δ = 2.50 ppm, D2O: δ = 4.79 ppm). The following abbreviations are used to explain the multiplicities: s, singlet; d, doublet; t, triplet; b, broad peaks; m, multiplet or overlapping peaks. HR-MS (ESI) Spectra were performed on a Bruker Apex IV FT-MS spectrometer.
Synthetic Methods
Chemicals were purchased from commercial vendors and used as received without further purification unless otherwise noted. OPEDAM (40) ( fig. S6d ) and BPP34C10DA (44, 45) were synthesized as reported previously. scheme S1. Synthesis of BPP34C10DAM from BPP34C10DA. 1) EDCI coupling reaction with 4-(t-butoxycarbonylamino) aniline, 2) N-Boc deprotection reaction with CF3COOH. S1: A mixture of BPP34C10DA (100 mg, 0.12 mmol), 4-(t-butoxycarbonylamino) aniline (25.2 mg, 0.12 mmol) and 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDCI) (37.3 mg, 0.24 mmol) in a 1:1 (v/v) mixture of THF/CH2Cl2 (10 mL) was stirred for 24 h at room temperature.
The sol vent was then removed under vacuum and the residue was purified by column chromatography (SiO2) using MeOH/CH2Cl2 (1:19 v/v) as the eluent. The purified S1 (109 mg, 75%) is a yellow solid. 1 H-NMR (CDCl3, 400 MHz, 298 K): δ = 7.87 (s, 2H), 7.85 (d, J = 8.4 Hz, 4H), 7.63 (d, J = 8.4 Hz, 4H), 7.59 (d, J = 8.4 Hz, 4H), 7.39 (d, J = 8.4 Hz, 4H), 7.03 (s, 2H), 6.68 (s, 4H), 6.47 (s, 2H), 4.13−3.63 (m, 16H), 1.53 (s, 18H) . 13 C NMR (CDCl3, 100 MHz, 298 K): δ = 165. 1, 154.0, 153.1, 153.0, 135.3, 134.5, 133.3, 132.0, 127.3, 127.0, 121.3, 119.4, 117.4, 115.7, 114.4, 94.7, 88.6, 80.7, 71.3, 71.1, 71.0, 70.9, 69.9, 69.9, 68.3, 68.1, 28.5 BPP34C10DAM: S1 (100 mg, 0.083 mmol) was dissolved in a 1:1 (v/v) mixture of CF3COOH/CH2Cl2 (10 mL) and stirred for 2 h. The mixture was rendered basic by the addition of NH4OH and extracted with CH2Cl2. The organic phase was dried (MgSO4) and then concentrated to yield BPP34C10DAM as a yellow solid ( 153.9, 153.0, 143.7, 134.7, 131.9, 129.4, 127.2, 126.7, 122.4, 117.2, 116.9, 115.6, 114.2, 94.7, 88.4, 71.2, 71.0, 70.9, 70.8, 69.9, 69.7, 68.2, 29.8 
Fabrication Processes of Single-Molecule Junction (SMJ) Devices
Device fabrication and molecular connection
Identical high-density graphene field-effect transistor (FET) arrays were produced following a previously described method (32) (figs. S1 and S2). Briefly, high-quality single-layered graphene (SLG) was grown on copper films by a chemical vapor deposition (CVD) procedure. By using a nondestructive PMMA-mediated transfer technique, SLG was transferred to a silicon substrate.
Through two photolithographic processes, high-density patterned metallic electrodes (8 nm of Cr followed by 60 nm of Au) separated by 7 m were deposited onto SLG sheets by thermal evaporation to form graphene FET arrays. Note that for a 50 nm-thick silicon oxide layer (SiO2, the light brown part of graphene devices in Fig. 1 ) was deposited by electron beam thermal evaporation after resistance thermal deposition of patterned metallic electrodes. The SiO2 passivation layers on the gold electrode surfaces prevent any direct contact and leakage between the solution and the metal electrodes during the subsequent electrical measurements in Me2SO or aqueous solution.
fig. S1. Schematic representation of the fabrication procedure to form graphene field-effect transistor arrays.
fig. S2. Optical microscopic images of graphene devices with different magnification. The yellow part is deposited gold electrodes (Cr/Au: 8/60 nm), and the central part under the gold electrodes is graphene ribbon (40 × 150 µm 2 ). Scale bar: a, 1 mm; b, 100 μm; c, 40 μm. open circuits with carboxylic acid-terminated graphene point contacts ( Fig. 1A ) that were applied as the platform for the following SMJ investigations.
After the lithographic process, the freshly prepared graphene point contact array devices (five sets in total) were immersed in a pyridine solution with 0.1 mM of BPP34C10DAM for coupling reactions with 1 mM EDCI. After leaving them to react for 48 h, the devices were removed from the solution and rinsed with deionized H2O and Me2CO several times before being dried with a N2 stream. The as-prepared SMJ devices were ready for solid-state characterization and MV·2PF6 addition.
For MV·2PF6 addition, the BPP34C10-SMJ devices were immersed into a 1 mM Me2SO solution of MV·2PF6 for 12 h. The devices were removed from solution, rinsed with deionized H2O and Me2CO, and then dried with a N2 stream prior to electrical characterization.
Solid-State Characterization
Electrical characterization
Solid-state electrical characterization (I-V and I-t) ( fig. S4 ) was carried out at room temperature in ambient atmosphere with the use of an Agilent 4155C semiconductor parameter system (DC measurements) and a Karl Suss (PM5) manual probe station.
After being immerged in a Me2SO solution of 1 mM MV·2PF6 for 12 h, MV 2+ ⊂BPP34C10-SMJ were rinsed, dried, and tested in the solid state (Fig. 1C ). The electric current passing through SMJs showed approximately one order of magnitude increase on average (figs. S4 and S5, a and b), which is presumably attributed to the host-guest complexation between a MV 2+ cation and the BPP34C10 macrocycle in the SMJ, forming the MV 2+ ⊂BPP34C10 psuedorotaxane. 
The Single Molecule-Connection Analyses
The single molecule-connection process was carried out using EDCI coupling reactions to form amide bonds between COOH groups on the ends of graphene point contacts and amino groups at the termini of BPP34C10DAM backbones. The optimized connection yield (Yconnection), which is the fraction of the graphene point contact devices that showed increased current after EDCI coupling, were found to be 25% for BPP34C10DAM and 30% for OPEDAM under optimized conditions. Referring to previously reported results (32, 33) , the number of junctions that contribute to charge transport can be carried out by calculating the probability of the connected devices with n-rejoined junctions (Gn) with the binomial distribution and the optimized connection yields
where m is the number of graphene point contact pairs (210 in the current case), p is the probability of successful connection for a random junction, and G0 is the probability of devices without any connected junctions.
Using the Yconnection values obtained, we can calculate the p values and the fractions [Gn/(1-G0)] of single-molecule-junctions (86% for BPP34C10DAM and 83% for OPEDAM) and
two-molecule-junctions (12% for BPP34C10DAM and 15% for OPEDAM) in all successfully connected devices. These results from calculations suggest that, in most cases, charge transport in these devices is arising mainly in a single-molecule junction. 
Characterization of
Real-Time Measurements of SMJs at the Device-Liquid Interface
Illustrated in figs. S9 to S12, an additional SMJ device-liquid interface characterization device was set up for real-time measurements (the same mode as that of Fig. 4 ), revealing similar results to those shown in Fig. 4 . 
Thermodynamic Analyses: Binding Constants
Binding constants between BPP34C10 and MV 2+ for five different devices in Me2SO and in aqueous solution were obtained and summarized in the tables S1 to S6. 
Thermodynamic Analyses of SMJ Devices
Assuming a two-state model where BPP34C10 is either free or complexed in the SMJ system, the association equilibrium constant Ka can be presented ( fig. S13 ) as the Langmuir isotherm Ka = α/(1-α)C, where α is the fraction of the complexed state between MV 2+ and BPP34C10 in the total host concentration, and C is the concentration of added MV 2+ dications For other thermodynamic parameters (39) (eqs. S1-S3) 
1 H-NMR Titrations and Analyses
1 H-NMR titration tests were performed with Bruker Advanced 600 MHz in CD3SOCD3 and D2O solution. As shown in fig. S14 , BPP34C10DA was treated as a host with a constant concentration of 6.1 mM, while the concentration of methyl viologen (guest) was allowed to range from 0.3 to 70 times of host concentration. The titration tests were carried out at four different temperatures from 293 to 323 K.
The chemical shift (δ, ppm) data were collected with a Bruker Avance III 600 MHz spectrometer at four different temperatures from 293 to 323 K, and are listed in tables S7 and S8.
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For a classic calculation (eqs. S4-S11) of binding constants from 1 H-NMR titration data, refer to a review of Hirose (36). The procedure is shown as follows for a 1:1 complex in this case
Set = , by combining eqs. S8-S10 we can deduce that 
Kinetic Analyses of SMJ Devices
To further study the relationships between the "high" and "low" conductance states and molecular interactions in MV 2+ ⊂BPP34C10-SMJ, the I-t data was first processed by using a QUB software. This idealized two-level flip-flops were further analysed to provide one set of kinetic parameters of the MV 2+ ⊂BPP34C10-SMJ devices, including the lifetimes τhigh and τlow.
fig. S16. Host-guest kinetics analysis. 
Kinetic Analyses: Association and Dissociation Rate Constants
Association and dissociation rates between BPP34C10 and MV·2PF6 / MV·2Cl for five devices in Me2SO and aqueous solution were obtained and are summarized in tables S9 to S14 and fig. S20 .
The dwell time shows that most time-intervals in-between blocking events are at the subsecond level.
Considering the structure of the SMJ device, in which a single BPP34C10DAM molecular wire is attached between the graphene point contacts as the charge transport pathway, the reversible on-site supramolecular (de)complexation processes are presumably first-order. In our measurement results, the "high" and "low" state time-intervals are best fitted as first-order decaying exponential, suggesting that both states are related to a first-order process in the MV 2+ ⊂BPP34C10-SMJ device. . S20 . Host-guest kinetics analysis. Arrhenius plots of association (ka = 1/τlow) and dissociation (kd = 1/τhigh) rate constants deduced (Ea ≈ -46.1 kJ·mol -1 and Ed ≈ 38.5 kJ·mol -1 ).
Computational Analyses
The geometric optimizations for graphene-based electrode systems of BPP34C10 and MV 2+ ⊂BPP34C10 complex ( fig. S21 ), which mimic the experimental molecular junctions, were performed using semi-empirical methods AM1 within Gaussian 03 package. The calculated conformation and co-conformation are consistent with previous crystallographic data (44, 45) . Once the molecular structure is relaxed, DFT was employed to compute the molecular orbitals. The hybrid functional B3LYP (41) MV 2+ ⊂BPP34C10-SMJ, the transmission peaks matched the molecular orbitals and molecular projected self-consistent Hamiltonian (MPSH) (46) spectra (Fig. 3) . When a bias voltage was applied, the electron distribution changed, and some peaks began to merge with the transmission windows, which led to the conductance increase.
